The modification of Ni/CeO 2 /Al 2 O 3 with Pt can make the activation by H 2 reduction unnecessary, and this indicates that the Pt/Ni/CeO 2 /Al 2 O 3 catalyst can be activated automatically by the compounds contained in tar. This can be explained by the enhancement of the Ni reducibility by the addition of Pt. The results of the temperature programmed reduction with H 2 also support this enhancement. Furthermore, the addition of 0.1% Pt to Ni/CeO 2 /Al 2 O 3 (4wt% Ni, 30wt% CeO 2 ) enhanced the performance in the steam gasification of biomass, compared to Ni/Al 2 O 3 and Ni/CeO 2 /Al 2 O 3 in terms of low tar yield and high gas yield. This can be related to the Pt-Ni alloy formation indicated by the extended X-ray absorption fine structure analysis.
Introduction
Conversion of biomasses to hydrogen and synthesis gas becomes more and more important in terms of the utilization of renewable sources [1] . In the non-catalytic gasification with air which is one of the conventional syngas and hydrogen production methods from biomass, high reaction temperature is required to the tar removal [2] . The application of metal catalysts in the biomass gasification system is an effective approach to reduce the tar content [2] [3] [4] . In most cases, commercially available, steam reforming Ni catalysts have been applied, and the problem of catalyst deactivation due to coke deposition has been pointed out [2] [3] [4] . Recently, our group has reported the gasification of cellulose [5] [6] [7] and biomass [8] [9] [10] [11] [12] [13] with air using Rh/CeO 2 /SiO 2 . It is found that Rh/CeO 2 /SiO 2 was much more effective catalyst for the gasification of biomass with air than conventional steam reforming Ni catalyst and dolomite. In particular, it also showed high resistance to coke deposition and high stability [5] [6] [7] [8] [9] [10] [11] [12] [13] .
From the practical viewpoint, the gasification of biomass with air gives the gaseous fuel diluted with nitrogen, and this decreases the energy efficiency in the product gas usage.
The biomasses can also be gasified with steam, and this corresponds to steam gasification or steam reforming. In these processes, the product gas is not diluted at all. This can enhance the total efficiency. It has been found that Rh/CeO 2 /SiO 2 was also effective in the steam gasification of biomass [14, 15] . However, the catalyst has problems in high cost and limited availability originated from the usage of Rh. Developments of metal catalysts for steam gasification of model compounds of biomass [16] [17] [18] [19] and biomass itself [20] have also been carried out. Recently, we have investigated various oxides supported Ni catalysts in the steam gasification. As a result, it was found that CeO 2 support plays an important role on the decrease of coke deposition [21] . Furthermore, Ni/CeO 2 /Al 2 O 3 prepared by co-impregnation method exhibited much higher performance than Ni/Al 2 O 3 and Ni/CeO 2 /Al 2 O 3 prepared by sequential impregnation in the steam gasification of biomass [22, 23] . In this communication,
we report the additive effect of Pt to Ni/CeO 2 /Al 2 O 3 prepared by co-impregnation method in the steam gasification of cedar wood, in particular, the effect of H 2 reduction pretreatment was also investigated. 
Experimental

Catalyst
Biomass
Cedar wood was ground with a ball mill to about 0.1-0.3 mm size. The moisture content of the cedar wood was 9.2%. The dry-based composition by weight was C 51.1 %, H 5.9 %, O 42.5 %, N 0.1 %, and ash 0.3 %. The elemental analysis was carried out by the Japan Institute of Energy.
Activity test of steam gasification of biomass
Steam gasification of biomass was carried out in a laboratory-scale continuous feeding dual-bed reactor. The reactor contained the primary bed for pyrolysis of biomass and accumulation of solid products in pyrolysis reaction such as char and ash. The products in the gas phase at reaction temperature can include tar and they were introduced to the secondary catalyst bed. The structure of the reactor has already been described in our previous reports, and the details of the procedure for catalytic performance evaluation in the steam gasification of cedar have been also shown [22, 23] . The biomass feeder consisted of a conical glass vessel with a screw valve at the bottom, allowing continuous feeding of biomass particles by vibrating the vessel with an electric vibrator. Nitrogen was used for transporting the biomass particles to the primary bed.
Feeding rate of gases, steam and biomass are described in each result. In the reaction, carbon-containing solid byproducts were observed. Here, the solid carbon deposited on the catalysts is called coke. The method to determine coke and char amount was the same as that in our previous report [22, 23] . The reaction temperature was controlled by the thermocouple positioned outside the reactor. The tests were carried out under atmospheric pressure by using 1 g of catalyst. We evaluated the catalytic performance over the catalysts with or without H 2 reduction pretreatment. In order to remove any solid and liquid materials contained in the product gas, the effluent gas went through a filter and an iced water condenser and it was collected by a syringe and analyzed by a gas chromatograph (GC). The concentrations of CO, CO 2 , CH 4 and C 2 (ethane and ethylene) were determined by FID-GC equipped with a methanator and that of H 2 was determined by TCD-GC. The flow rate of the gas was measured by a soap membrane meter. The carbon-based conversion to gas (Cconversion) was calculated by "A/B × 100", where A represents the formation rate of CO + CO 2 + CH 4 and B represents the total carbon supplying rate contained in the biomass.
The yields of coke and char were calculated by (total amount of CO 2 +CO in the combustion)/(total carbon amount in fed biomass). As a result, we can measure the yield of gaseous products and solid products (coke and char). On the other hand, it is difficult to determine the tar amount precisely. This is because tar is easily condensable in the reactor systems and a part of tar can not be collected. Therefore, we estimated the tar yield by subtraction of gaseous and solid products yields from the total. The yield of tar was defined as (100-C-conv. (%)-coke yield (%)-char yield (%)). In addition, we used the formation rate of CO + H 2 + 4CH 4 for the comparison, where 4 times of CH 4 is based on the reaction formula of CH 4 + H 2 O → CO + 3H 2 . This is because the yield of the flammable gas is related to the energy efficiency in the utilization of biomass for power generation as well as the chemical utilization of produced synthesis gas. In our experiments, catalysts were used repeatedly. After the procedure of coke combustion, the same catalyst was applied to another activity test at different reaction temperature.
Catalyst characterization
Chemisorption of H 2 was carried out in a high-vacuum system by a volumetric method.
Before H 2 adsorption measurement, the catalysts were treated in H 2 at 773 K for 0.5 h. H 2 adsorption was performed at room temperature. Gas pressure at adsorption equilibrium was about 1.1 kPa. The sample weight was about 0.2 g. The dead volume of the apparatus was about 60 cm 3 . Dispersion was calculated on the basis of the total H 2 adsorption. A Si(111) single crystal was used to obtain monochromatic X-ray beam. The monochromator was detuned to 60% of the maximum intensity to avoid higher harmonics in the X-ray beam. Two ion chambers filled with N 2 and 15% Ar diluted with N 2 were used to detect I 0 and I, respectively. The samples for the EXAFS measurement were prepared by pressing catalyst powder of 200 mg, and the thickness of the samples was chosen to be 1.5 mm (10 mmφ) to give edge jump of 0.05. The sample was reduced with H 2 at 773 K for 0.5 h. After the pretreatment, the samples were transferred to the measurement cell without exposing the sample disk to air using a glove box filled with nitrogen. EXAFS data were 6 collected in a transmission mode at room temperature. For EXAFS analysis, the oscillation was first extracted from the EXAFS data by a spline smoothing method [24] . The oscillation was normalized by the edge height around 50 eV. The Fourier transformation of the k 3 -weighted EXAFS oscillation from k space to r space was performed to obtain a radial distribution function. The inversely Fourier filtered data were analyzed by a usual curve fitting method [25, 26] . For the curve fitting analysis, the empirical phase shift and amplitude functions for the Pt-Pt bond were extracted from the data for Pt foil. Theoretical functions for the Pt-Ni bond were calculated using the FEFE8.2 program [27] . The analyses of EXAFS data were performed using the "REX2000" program (RIGAKU Co. Version:
2.3.3).
Results and discussion Generally speaking, coke deposition is one of the common and serious problems in the syngas production process [28] [29] [30] . Since the amount of coke represented by the weight ratio to the catalyst can be estimated to be at most 4 wt%, it is interpreted that the coke amount did not reach the level to cause the catalyst deactivation in the present case. Therefore, the average formation rates of these products for 15 min was applied, and they were represented in the results. On all these three catalysts, the yield of gas increased, in contrast, the yield of coke and char decreased with increasing reaction temperature. pretreatment, the practical operation will become easier. In fact, catalysts were used repeatedly in our experiments. This means that the same catalyst was applied to another activity test at different reaction temperature after the procedure of coke combustion. In this case, the coke combustion corresponds to the procedure for the catalyst regeneration in the practical case, and in this sense, the results contain the catalytic performance of regenerated catalysts. Ni alloy phase where the Pt atoms can partly substitute Ni atoms in Ni metal phase. These structural properties are supported by the previous report on the alloy formation of Pt-Ni [32] . Furthermore, it has been reported that the Pt-Ni alloy formation enhanced the catalytic activity in methane reforming [33] , and this report can support the present result. 
